W e previously described a co-twin control design using questionnaire data on monozygotic twins discordant and concordant for developmental coordination disorder (DCD) and attention deficit hyperactivity disorder (ADHD). Our results suggested that DCD and developmental ADHD had different causal pathways, and that second-born twins were at higher risk for oxygen perfusion problems than first-born twins. In the current study we further explored our findings using DNA confirmed zygosity and assessments of 4 female and 10 male sets of monozygotic twins, aged 8 to 17 years, from the first study. Using the McCarron Assessment of Neuromuscular Development (MAND), twice as many second-as first-born twins met criteria for DCD. Second-born twins attained significantly lower scores on 1-minute Apgar, MAND Gross Motor, Bimanual Dexterity and Neuromuscular Development Index. Seven of the nine twins who met criteria for DCD experienced perinatal oxygen perfusion problems. This supported findings in the first study of an association between perinatal oxygen perfusion problems and DCD, and our hypothesis that DCD and cerebral palsy have similar causal pathways. We found similar numbers of males and females discordant for DCD. On telephone interview using the Diagnostic Interview Schedule for Children Parent Interview, the only first-, and all five second-born twins who met criteria for ADHD had an inattentive component -three Inattentive; three Combined. All twins positive for ADHD were male. This adds support to our hypothesis that ADHD symptoms found in some participants may reflect secondary ADHD associated with environmental factors, rather than developmental ADHD.
Into the 21st century, behavior genetic twin research has become pivotal in attaining estimates for the relative contribution of genetic and environmental factors to disorders such as Developmental Coordination Disorder (DCD) and Attention Deficit Hyperactivity Disorder (ADHD). However, there is increasing interest in epigenetic processes and other external and internal factors that might lead to different phenotypes in individuals with the same genotype. The co-twin control, or twin-differences design (Martin et al., 1997) , with its focus on monozygotic (MZ) twins discordant for wellness and disorder, provides a unique means by which to control for potentially confounding factors such as genotype, gender, age, socioeconomic status, and shared family environment.
Factors leading to discordance in MZ twins include the stage (Race et al., 2006) and equality of splitting of the zygote (Sperber et al., 1994) . Monochorionic monoamniotic twins are at high risk for twin-to-twin transfusion syndrome (TTTS), which may result in acute or chronic episodes of hemodynamic instability at various stages during pregnancy, and can cause ischemic damage (Pharoah, 2006) . Lifelong discordance for phenotype can also result from different vascular patterns in the placenta of monochorionic MZ twins (Machin et al., 1996) .
During the prenatal period, discordance may also result from post zygotic epigenetic effects such as tissue specific patterns of methylation (Bennett et al., 2008) ; varying patterns of methylation maintenance (Brown & Robinson, 2000) ; and chromatin remodeling (Wilson, 2008) . Fraga and colleagues (2005) found that although in their younger years MZ twins were epigenetically indistinguishable, as they aged epigenetic differences, such as disease susceptibility, became more divergent.
Different exposure or response to toxins and infections may occur in utero (Iwayama et al., 2007) and at birth, sometimes affecting only one twin (Duliège et al., 1995; Forrester et al., 1966) . Timing of exposure to infections is important, and may have long-term cumulative effects; for example, increased sensitization to hypoxia at birth and in later life (Gunn & Bennet, 2008) . Discordant outcome may also be a result of birth complications and presentation (Bjelic-Radisic et al., 2007) and birth order (Hartley & Hitti, 2005; Smith et al., 2007) .
Developmental coordination disorder (DCD), or specific developmental disorder of motor function, are described respectively in both the Diagnostic and Statistical Manual of Mental Disorders -Fourth Edition Text Revision (DSM-IV-TR -American Psychiatric Association (APA), 2000) and the International Statistical Classification of Diseases and Health Related Problems, 10th Revision, 2nd Edition (ICD-10 World Health Organization (WHO), 2004) . DCD, which is defined as motor coordination significantly lower than expected for the child's age and intellect, that interferes significantly with activities of daily living, affects approximately 6% of children aged five to 11 years (Maeland, 1992) . Both DSM-IV-TR and ICD-10 state that the movement disorder must not be due to a medical (e.g., neurological) condition such as cerebral palsy (CP). If the movement disorder has a neurological component, it is coded on Axis III as a General Medical Condition, rather than on Axis I as a Clinical Disorder. We previously found similar numbers of females and males with DCD (PearsallJones et al., 2008; Skinner & Piek, 2001) , as did Foulder-Hughes and Cooke (2003) , although other earlier studies have reported a higher incidence of DCD in males (Kadesjö & Gillberg, 1999; Maeland, 1992) .
Some 'clumsy' children -especially those with fewer deficits -appear to 'grow out of it' (Cantell et al., 2003) ; however, others continue to experience difficulties into adulthood (Missiuna et al., 2008) . Children with DCD also have been shown to experience psychosocial and academic difficulties (Skinner & Piek, 2001) .
DCD has been linked to insult to the developing or immature brain and to premature birth. FoulderHughes and Cooke (2003) found that 30.7% of children born preterm possibly met criteria for DCD, compared to 6.7% of children born at term. Jongmans et al. (1998) found that premature infants with extensive perceptual-motor difficulties at 6 years of age were more likely than term infants to have shown a brain lesion shortly after birth. They related this to 'flares', echodensities, or cysts, in the periventricular white matter, which are diagnostic hallmarks of periventricular leukomalacia (PVL), and found that the longer the duration of flares, the worse the motor performance (Jongmans et al., 1993) . Episodes of preand perinatal hypoxia have also been associated with PVL as a major cause of CP (Wang et al., 2008) .
The DSM-IV-TR (APA, 2000) and ICD-10 (WHO, 2004 ) also have similar classification categories for ADHD and Hyperkinetic Disorder respectively. DSM-IV-TR notes that for a diagnosis of ADHD, inattention and/or hyperactivity must be more frequently displayed and be more severe than is typical for the person's developmental stage, and symptoms must be present before 7 years of age; there must be impairment in two or more settings, and clinically significant impairment must be present in at least one of theseacademic, occupational or social functioning.
ADHD has both attentional and movement components. DSM-IV-TR (APA, 2000) has separate diagnostic criteria for symptoms of inattention and hyperactivity/ impulsivity, with ADHD diagnosable as three subtypes: Inattentive (ADHD I); Hyperactive/Impulsive (ADHD H/I); and Combined (ADHD C). Both ADHD H/I and ADHD I subtypes require that at least 6 of 9 symptoms specific to those domains be present for diagnosis. ADHD C requires a minimum of 6 symptoms of both ADHD H/I and ADHD I for a diagnosis. It is generally thought to affect some 3% to 10% of school-age children (Wender, 2000) , although some estimate the prevalence rate as low as 1% (Swanson et al., 1998) . It has been widely reported that more males than females are affected, with estimates in clinical samples varying from 2:1 to 9:1 (APA, 2000) .
Investigating the long-term prognosis of ADHD, Mannuzza and colleagues (2000) found that approximately two-thirds to three-quarters of their study participants experienced problematic symptoms of ADHD into early and middle adolescence. Behavioral characteristics of ADHD may remain into adulthood, although symptoms of ADHD may be insufficient to meet DSM-IV-TR (APA, 2000) criteria (Faraone et al., 2006) .
Developmental ADHD has been estimated as one of the most heritable disorders of childhood, with approximately twice as many MZ as DZ twin pairs concordant for ADHD (Levy et al., 1997) . However, environmental factors, such as brain damage caused by intrauterine infection, forceps delivery, hypoxia or anoxia during pregnancy or at birth, often go unrecognized (Henderson-Smart, 1995; Lou, 1994) , and have been linked to secondary ADHD. Lehn et al. (2007) studied MZ twins discordant and concordant for ADHD, and observed that despite the high heritability of ADHD, estimated at 60%, this left 40% to environmental factors. They identified delayed motor development, low birthweight and increased time in an incubator as markers for ADHD in infancy.
Attention deficits and movement disorders have been found to co-occur in close to 50% of cases (Barkley, 1990) . For example, Deficits in Attention, Motor Control and Perception (DAMP), has been widely described (Gillberg, 2003) . Piek and colleagues (1999) reported an association between inattentive symptomatology and motor ability, particularly fine motor coordination.
The DSM-IV-TR (APA, 2000) specified that, in ADHD, symptomatology involving movement was limited to increased motor activity, and noted that children with ADHD may fall or knock things over, but that this related to impulsivity and distractibility rather than to motor impairment. However, Pitcher and colleagues (2003) provided evidence to suggest that the motor deficits in ADHD were a result of poor motor ability rather than ADHD symptomatology.
The second-born twin has been found to be at higher risk than the first for poor outcome, for instance, requiring resuscitation or intubation, suffering respiratory distress syndrome, and having a lower 5-minute Apgar (Hartley & Hitti, 2005) . Adverse effects of preeclampsia, which has been found to be two or three times more common in twin than in singleton pregnancies (Sibai et al., 2000) , have been associated with the second-born twin. Blickstein, Ben-Hur and Borenstein (1992) examined 25 twin pregnancies in which the mother had mild pre-eclampsia, 19 in which pre-eclampsia was severe, and 44 controls matched for gestational age (GA). They found that babies whose mothers had severe pre-eclampsia had a significantly shorter GA and lower birthweight compared to those with mild preeclampsia. There were three deaths, all second-born twins of mothers with severe pre-eclampsia.
In an earlier study (Pearsall-Jones et al., 2008) , we examined questionnaire data on 866 sets of MZ twins, consisting of 23 sets discordant for DCD, 23 sets concordant for DCD, 16 sets discordant for ADHD, 22 sets concordant for ADHD, nine sets in which both twins had both DCD and ADHD, and 773 sets in which neither twin met criteria for either disorder. Given the size of this data set, only questionnaire information could be used as individual assessment of 866 sets of twins was not possible. The aim of the current study was to confirm zygosity using DNA, and to further explore the etiology of movement and attention problems in a smaller sample of MZ twins, using individually administered assessments to confirm diagnosis rather than rely on information from parent questionnaires. Based on the previous study, it was hypothesized that different etiological pathways would be identified for DCD and ADHD, with a relationship found between DCD and perinatal oxygen perfusion problems but not between developmental ADHD and oxygen perfusion problems. Furthermore, it was expected that the second-born twin would be at higher risk for morbidity than the first.
Materials and Method Participants
Participants were recruited from a large cohort of 2075 sets of twins, of which 866 sets were rated by either parent completed questionnaire, or by DNA, as MZ, or identical twins. From this sample, families with twins discordant or concordant for motor problems or attention problems on the Developmental Coordination Disorder Questionnaire (DCD-Q; Wilson et al., 2000) and the Strengths and Weaknesses of ADHD Symptoms and Normal Behavior (SWAN; Swanson et al., 2001 ) questionnaire respectively (Martin et al., 2006; Pearsall-Jones et al., 2008; Piek et al., 2007) , who lived within approximately a 3-hour drive of any capital city in Australia, were sent expressions of interest for participation in a further stage of the study. Those who consented to participate were interviewed by telephone, during which the ADHD component of the Diagnostic Interview Schedule for Children IV -Parent Interview (DISC-IV-P; Shaffer et al., 2000) was administered to the major caregiver to establish the ADHD status of each young person. After screening for ADHD using the DISC-IV-P and for DCD using questionnaire data from the DCD-Q, 16 sets of twins were eligible to participate. That is, they were considered identical and were aged between 6 and 17 years; they were either discordant or concordant for DCD or ADHD on at least one of the measures, and lived within a 3-hour drive of a capital city. To confirm zygosity, buccal cell DNA was collected and amplified using the ABI profiler plus HID kit (9 DNA markers + sex marker, co-amplified) and separated on a capillary electrophoresis platform using the ABI 3100 instrument. Two female sets of the 16 sets were found to be dizygotic, or fraternal twins, leaving 14 eligible sets.
The average GA at birth was 34.64 weeks, (SD = 2.44; range 31-38 weeks). Nine sets were born ≤ 36 weeks GA, and four sets were born ≤ 32 weeks GA. Average age at time of interview was 13.1 years (SD = 3.65; range 8.17-17.85). Four of the 14 sets were female and 10 sets male. In our study, both twins in a set were delivered either vaginally or by cesarean section. Four sets of twins were born by cesarean delivery. Three mothers reported pre-eclampsia, two of whom had both their twins delivered by cesarean section. Two mothers, including one with severe preeclampsia, reported TTTS.
It was decided that regardless of each twin's status on the DCD and ADHD screening instruments, for this study status for disorder would depend on fixed scores as set out in the McCarron Assessment of Neuromuscular Development (MAND; McCarron, 1997) and DISC-IV (Shaffer et al., 2000) manuals. We did this for two reasons. First, on the initial study, rather than use fixed scores on the DCD-Q and SWAN to calculate status as affected or unaffected, individual scores relative to the entire sample of twins determined status (Martin et al., 2006; Pearsall-Jones et al., 2008; Piek et al., 2007) . This was not an appropriate method for this small sample. Second, because there was a considerable time lapse between assessments on the two sets of measures, participants who met criteria initially might not at the later date, so discrepancies for status may have reflected actual differences in number of symptoms rather than the validity of the measures.
On the Wechsler Intelligence Scale for Children4th Edition (WISC-IV -Weschler, 2003) , the scores of all twins fell within the Low Average (n = 3), Average (n = 18), High Average (n = 3), Superior (n = 3) or Very Superior (n = 1) range of intellectual functioning.
On face-to-face assessment for DCD using the MAND, five sets of twins, three male, two female, were discordant for DCD, with 6 or more points dif-ference (mean = 9.8; SD = 3.27; range 6-15) between co-twin scores. In two other female sets, the first-born twin did not meet criteria for DCD, and the secondborn had a score of 86, 1 point above the MAND cut-off. Two sets, both male, were concordant for DCD. The concordant twins had the lowest scores on the MAND (mean = 63.5; SD = 13.53; range 48-78).
On a parental telephone interview for ADHD using the DISC-IV-P (Shaffer et al., 2000) , two male sets of twins were discordant for ADHD, in that one met criteria for a DISC-IV-P diagnosis and the other had neither a Positive nor an Intermediate diagnosis. Three sets, all male, were neither concordant nor discordant on the DISC-IV-P as either one met criteria for a Positive diagnosis and the co-twin met Intermediate criteria, or one twin met Intermediate criteria and the other was unaffected.
Measures

Developmental Coordination Disorder Questionnaire (DCD-Q)
The DCD-Q (Wilson et al., 2000) , a parental report of their child's movement abilities, was included in the Twin and Sibling Questionnaire, the measure initially mailed to families. It includes four subtypes: general coordination; control during movement; gross motor/ planning; and fine motor/handwriting. Parents were asked to complete the questionnaire by comparing their child to children of the same age. The total score is 85. Because the Twin and Sibling Questionnaire has a four point scale, to make it easier for parents completing the questionnaire that included the DCD-Q, the 3 was omitted to make a 4-point scale of 1, 2, 4, 5. For inter-item reliability Cronbach's alpha was .88 for the full scale and from .86-.88 for each item if deleted (Martin et al., 2006) . Rather than use a fixed score to assign individuals as affected or unaffected, for this measure the cut-off score was calculated using the formula:
Cut-off score = Mean -(1.65 × SD).
On this scale a low score assigns the participant to the 'affected' group, a high score to the 'unaffected' cotwin control group (Martin et al., 2006; Pearsall-Jones et al., 2008; Piek et al., 2007) .
McCarron Assessment of Neuromuscular Development (MAND)
To further explore movement ability, the MAND (McCarron, 1997) was administered during face-to-face assessments. The MAND is a standardized measure developed to assess fine and gross motor development in children aged 3.5 years to young adulthood and above. The measure incorporates five measures of fine motor coordination (e.g., Beads in a Box; Nut and Bolt; Finger Tapping) and five measures of gross motor coordination (e.g., Heel to Toe Walk; Stand on One Foot; Jumping). The scaled scores on each of these are added and the age norms, provided for children aged 3.5 years to young adulthood and above, are used to determine a Neuromuscular Development Index (NDI) with a mean of 100 and standard deviation of 15. A score below 55 is classified as a severe disability, 55 to 70 a moderate disability and 71 to 85 a mild disability. Scores are categorized into four factors: Persistent Control (PC), Muscle Power (MP), Kinesthetic Integration (KI) and Bimanual Dexterity (BD). Test-retest reliabilities after a month interval over the 10 tasks ranged from .67 to .98 (McCarron). Tan et al. (2001) , using an Australian sample, found the MAND to have good specificity, good sensitivity and to be a valid measure for the identification of motor impairment.
Strengths and Weaknesses of ADHD Symptoms and Normal Behavior (SWAN)
The SWAN (Swanson et al., 2001) , is a parental report of their child's attention, impulse control and activity. This instrument is based on the 18 ADHD symptoms listed in the DSM-IV (1994) and involves observations based on the last month in comparison with other children of the same age. Scores for each item range from Far below average (scored as +3) to Far above average (scored as -3) in order to reflect both strengths and weaknesses. The scores are summed and then divided by nine for the Inattention and Hyperactivity/ Impulsivity scale, and by 18 for the Combined subscale, resulting in an average score for each subtype. The cutoffs between individuals affected and unaffected for inattention and hyperactivity/impulsivity are calculated from the distribution of scores using the formula:
Cut-off score = Mean + (1.65 × SD).
A high score indicates status as 'affected', a low score indicates 'unaffected' Martin et al., 2006; Pearsall-Jones et al., 2008; Piek et al., 2007) .
The Diagnostic Interview Schedule for Children IVParent Interview (DISC-IV-P)
The DISC-IV-P (Schaffer et al., 2000) , is a standardized measure designed by the National Institute of Mental Health to assess child and adolescent psychiatric diagnoses by ascertaining presence or absence of symptoms in children and young people aged six to 17 years. The computerized version we used was administered telephonically to the major caregiver, asking questions about the young person. It incorporated a number of impairment questions, to measure the degree to which symptoms significantly impaired or distressed the individual, a criterion required for diagnosis. The DISC-IV-P has eight modules. Only the E (Disruptive Behavior Disorders) ADHD module was administered for purposes of this study. If there were sufficient symptoms causing significant severity/impairment, a DSM-IV (1994) Positive Diagnosis was generated. If symptoms were present, but were insufficient or not sufficiently severe to meet DSM-IV diagnosis, an Intermediate Diagnosis was made. It has good reliability and validity (Hersen, 2004 ).
Wechsler Intelligence Scale for Children-IV (WISC-IV) -Australian
The WISC-IV (Weschler, 2003) measures cognitive ability in children aged 6 to 16 years 11 months. This was administered to ensure that participants met DSM-IV-TR (2000) criteria for DCD, which requires motor coordination to be significantly lower than expected for the child's intellect, and to ascertain whether there were significant differences in intellectual ability between first-and second-born twins. The 10 core subtests yield four subtest indices: Verbal Comprehension (VCI), Perceptual Reasoning (PRI), Working Memory (WMI), and Processing Speed (PSI). These subtests were administered for the purposes of this study.
The WISC-IV has excellent internal consistency, test-retest reliability, and criterion and construct validity. Reliability coefficients for the WISC-IV Australian subtests averaged from .75 to .89.
Behavioral Assessment System for Children Structured Developmental History (BASC-SDH)
Mothers were asked to complete the BASC SDH (Reynolds & Kamphaus, 2004) . This was to gather more extensive information on birth complications and developmental history. This survey provides a detailed birth, medical and developmental history, contextualising the young person's behavior.
Procedure
The project was approved by the Curtin University of Technology Human Research Ethics Committee and by the Australian Twin Registry (ATR). Following written consent by parents and assent by young people the parents were contacted and the DISC-IV-P (Schaffer et al., 2000) was administered telephonically. Appointments were made to visit the homes of 15 sets of the 16 sets identified prior to DNA confirmation of zygosity. One set chose to be interviewed at Curtin University of Technology.
Twins in a set were interviewed by different researchers -one assessing one twin whilst the other assessed the other. Assessors were blind to the participant's DCD and ADHD status. Administration time varied between five and seven hours, with several breaks in between. Three sets of twins had their status as monozygotic confirmed by DNA analysis prior to our study. The remaining 13 sets were mailed kits to collect buccal cells for DNA analysis. The DNA of two sets of female twins indicated that they were dizygotic or fraternal twins. Data on these twins were excluded from data analysis. Table 1 shows case by case twin status for DCD and ADHD on the DISC-IV-P and MAND, and provides the relevant birth history. It is broken down into Table 1 Mean GA, Status on the DISC-IV-P and MAND, and Birth Complications Of the four sets of twins born ≤ 32 weeks GA, two first-born twins (one of whom was born with a cord around the neck), and three second-born twins, had MAND scores < 85. At birth, three first-born twins and five second-born twins required oxygen supplements for a period longer than 2 hours to 11 weeks (some twins required oxygen for a 'few minutes' to 1 or 2 hours -this was not regarded as indicating oxygen perfusion problems).
Results
DCD and ADHD
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Etiology of DCD and ADHD in MZ Twins
All three first-born twins with DCD on the MAND experienced perinatal oxygen perfusion problems (two required oxygen at birth, one for 11 weeks; the mother of one reported pre-eclampsia; a third was born with a cord around the neck). Four of the six second-born twins with DCD on the MAND experienced perinatal oxygen perfusion problems (three required oxygen at birth, one for 8 weeks; the fourth had breathing difficulties); one mother reported pre-eclampsia. Two second-born twins had scores of 86 on the MAND -the mother of one reported pre-eclampsia; the other twin was reported as having severe breathing difficulties and required supplementary oxygen. Both twins in both sets concordant for DCD experienced perinatal oxygen perfusion problems, and one set experienced TTTS. Both second-born twins in these sets also met criteria for a Positive diagnosis of ADHD (one Combined, one Inattentive), and both firstborn twins' scores placed them in the Intermediate range for ADHD.
A total of six twins were diagnosed with ADHD based on the DISC-IV-P, one first-born (Combined) and five second-born twins (two Inattentive, three Combined). Three of these (all second-born twins) experienced oxygen perfusion problems. An additional 11 twins -the co-twins of four of whom were Positive for ADHD -had DISC-IV-P scores placing them in the Intermediate range for ADHD, indicating that they had attention problems which were insufficient to warrant a Positive diagnosis. Six were first-born and five second-born twins, and only two of these, both second-born, experienced perinatal oxygen perfusion problems. The only twins who met criteria for both DCD and ADHD were the two second-born twins in the DCD concordant group. Table 2 shows first and second-born twin average birthweights and scores on Apgar (one-tailed paired t tests) and scores on the MAND, DISC-IV-P, and WISC-IV (two-tailed paired t tests). There were statistically significant differences between first-and second-born twins on 1-minute Apgar, and on the MAND Gross Motor, Bimanual Dexterity and Neuromuscular Develop mental Index, in favor of first-born twins.
First vs. Second Twin
Discussion
This study was designed primarily to further examine the etiology of DCD and ADHD, and to explore
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Jillian G. Pearsall-Jones, Jan P. Piek, Daniela Rigoli, Neilson C. Martin, and Florence Levy Table 2 Comparisons Between First-and Second-Born Twins for Birthweight and 1-and 5-Minute Apgar Dcores Using 1-Tailed Paired t Tests; and on the MAND, C-DISC IV, and WISC-IV Using 2-Tailed Paired t Tests whether the second-born twin was at higher risk than the first-born for adverse events pre-and perinatally. There were similar numbers of males and females in the DCD discordant group. We previously found similar numbers of males and females with DCD (Pearsall-Jones et al., 2008; Skinner & Piek, 2001) , as did Foulder-Hughes and Cooke (2003), although other studies have found more males than females (Kadesjö & Gillberg, 1999; Maeland, 1992) . There were only two sets of twins, both male, in the DCD concordant group.
All six twins who met criteria for a Positive diagnosis of ADHD were male. We previously found more males than females with ADHD (Pearsall-Jones et al., 2008) , as has been reported elsewhere (Rhee et al., 2001 ). Rhee and colleagues concluded that males were more likely than females to be affected by ADHD as, genetically, males have a lower threshold for the required liability to express ADHD.
All three first-born twins and four of the six second-born twins with DCD on the MAND experienced birth complications including oxygen perfusion problems perinatally, in another the mother reported pre-eclampsia. Of the two second-born twins who had scores one point above the DCD cut-off on the MAND, one mother reported pre-eclampsia; the other affected twin had severe perinatal breathing difficulties and required supplementary oxygen. The current study thus found an association between perinatal oxygen perfusion problems and DCD, as we found previously on a larger study using questionnaire data only (Pearsall-Jones et al., 2008) . In our studies it was not clear whether movement difficulties in these twins resulted from perinatal oxygen perfusion problems, or whether, as proposed by Gunn and Bennet (2008) , exposure to infections in utero cumulatively sensitized them to hypoxia at birth, or because of prenatal cardiac or lung problems leading to perinatal oxygen perfusion problems (Morley, 2005) . In neonatal hypoxic-ischemic encephalopathy, 20-30% of survivors were estimated to have long term neurodevelopmental sequelae, including CP (Vannucci & Perlman, 1997) .
Although there is little literature on the etiology of DCD, most of what is available suggests that environmental factors, for instance brain lesions (Jongmans et al., 1998) and flares (Jongmans, 1993) , are likely to be the major cause of damage to the developing brain. There were no reports from parents participating in our study of brain scans on their twins shortly after birth, so the possibility of brain lesions and 'flares' could not be explored. In our study, of the three mothers who reported pre-eclampsia, two delivered at 34 weeks, the other at 35 weeks. Previous research has shown that mothers with twin pregnancies with gestational hypertension (hypertension without proteinuria) had more twins delivered < 37 weeks and < 35 weeks, and more babies who were small for GA. Bdolah and colleagues (2008) found that the larger placenta of a twin compared to a singleton pregnancy resulted in higher rates of angiogenic proteins, and that this contributed to the risk for pre-eclampsia. One of the two sets of DCD concordant twins experienced TTTS in utero, which can cause ischemic damage at various stages of pregnancy (Pharoah, 2006) .
If neurological conditions are a primary etiology of DCD, then DCD and CP may fall on a continuum of movement disorder. This is important, as DSM-IV-TR (APA, 2000) and ICD-10 (WHO, 2004) diagnostic criteria specify that if a general medical (e.g. neurological) condition is present, the movement disorder is coded on Axis III as a General Medical Condition, rather than on Axis I as a Clinical Disorder. With advances in neuroimaging and other scientific developments, the etiology of wellness and illness is less mysterious than was the case even relatively recently. If DCD is a result of a medical condition, DSM-IV-TR and ICD-10 diagnostic criteria might need to be revised. Second, and consequent to this, in some instances a diagnosis of mild CP, rather than DCD, may make young people with DCD eligible for services currently reserved for young people with CP and their families. This could facilitate early treatment, as recommended in Piek (2006) .
None of the five sets of twins discordant for DCD also met criteria for a Positive diagnosis of ADHD, although three twins met criteria for an Intermediate diagnosis. Of the two sets of twins who were concordant for DCD, both second-born twins also met criteria for a Positive diagnosis for ADHD (one Combined, one Inattentive), and both first-born twins' scores placed them in the Intermediate range for ADHD. By contrast, previous studies have shown a close association between movement disorders and ADHD (Gillberg, 2003; Martin et al., 2006; Piek et al., 1999) .
One first and five second-born twins met the DISC-IV-P (Shaffer et al., 2000) criteria for ADHD, and four of their co-twins were Intermediate for ADHD. None of the twins discordant for ADHD experienced perinatal oxygen perfusion problems. Of the six twins who met criteria for ADHD, only the two second-born DCD concordant sets had co-occurring ADHD, and both experienced perinatal oxygen perfusion problems. This raises the issue of secondary ADHD, with environmental etiology, as opposed to developmental ADHD with a genetic etiology, and whether the etiology of ADHD in the DCD concordant twins is secondary to intrauterine infection and anoxia or hypoxia at birth (Henderson-Smart, 1995; Lou, 1994) , as has been previously suggested (Pearsall-Jones et al., 2008) . The DCD concordant twins were the most severely affected in terms of their motor deficits, further supporting the view that there was more extensive damage that may also be associated with ADHD. This suggests that it is important to further explore the nature of movement deficits associated with developmental and secondary ADHD, and the nature of attention deficits associated with DCD. All of the young people in our study with ADHD had an Inattentive component. In cases in which discordance for ADHD cannot be associated with birth complications or other medical factors in affected twins, epigenetic processes affecting only one twin might be a possibility, as found by Bennett and colleagues (2008) in hemophilia A.
On paired t tests, the 1-minute Apgar score of the second-born twin was significantly lower than that of the first-born twin. Lower 5-minute Apgar scores in second-than first-born twins have previously been found (Hartley & Hitti, 2005) , with the second-born twin at higher risk for requiring resuscitation or intubation, and for suffering respiratory distress syndrome. Montassir and colleagues (in press) have associated perinatal oxygen perfusion difficulties and low 1-minute Apgar with hypoglycemic brain lesions and CP. Three first-and six second-born twins met MAND criteria for DCD, suggesting that second-born twins were at higher risk for movement disorder than first-born twins. Second-born twins performed at a significantly lower level than first-born twins on MAND Gross Motor, Bimanual Dexterity and the Neuromuscular Developmental Index. Previous studies have concluded that second-born twins were at higher risk for morbidity than first-born twins (Hartley & Hitti, 2005) . In our study this could not be linked with type of delivery, as in no case was the first twin delivered vaginally and the second by cesarean delivery.
There were no significant differences between firstand second-born twins on the WISC-IV, so secondborn twins were not significantly more intellectually compromized than first-born twins. This is consistent with previous studies (Ramsey et al., 2000; Tinca et al., 2006) .
Future Research
Establishing the etiology of DCD and ADHD, and the role of environmental and epigenetic processes in discordant MZ twins, has significant implications for clinical practice and perhaps for prevention. Assessment, using the MAND, of young people with mild CP will help clarify whether the patterns of movement disorder in mild CP and DCD are similar. Current research underway in Australia is investigating the association between movement disorders, specifically CP, genes and susceptibility to infections in utero. If such genes are identified, a project could be undertaken to establish whether children with DCD have similar genetic vulnerabilities, which may be related to oxygen perfusion difficulties at birth. Whether the relationship is causal or by association, for instance reflecting a prenatal insult or aberration involving the lungs or brain which depresses ability to oxygenate at birth, is beyond the scope of this paper.
Some neonates who have experienced perinatal asphyxia have developed movement disorders, including CP (Vannucci & Perlman, 1997; Morley, 2005; Westin, 2006) . Neonatal induced hypothermia might also be further explored, as this has been shown to improve outcome for neonates experiencing perinatal asphyxia (Jacobs et al., 2007; Lin et al., 2006) . Permissive hypercapnia has also been found to be of benefit in neonates with respiratory disease and brain injury who experience severe hyper and hypocapnia (Zhou & Liu, 2008) .
Creation of, and access to, twin registers and databases, for instance the WA Twin Child Health (WATCH) register, with links to databases such as the Western Australia Maternal and Child Health Database (Croft et al., 2002) , would provide a more detailed birth history to supplement caregiver recall.
Conclusions
In the current study we used a co-twin control design to investigate etiological pathways for DCD and ADHD. This was found to be a very effective design as it identified unique environmental factors that could be linked to specific disorders. In particular, DCD was found to be associated with perinatal oxygen perfusion problems that were not present for developmental ADHD. Furthermore, being a secondborn twin was also linked with poorer motor outcome but not on average with increased inattention nor hyperactivity/impulsivity. However, given the small number of twins that can be identified using this approach, these findings need to be examined further with studies using both the discordant co-twin control design as well as other suitable approaches.
